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Abstract 

Background: Achieving asthma control is a major challenge in children, otherwise symptoms perception remain 
poor especially at this age. The aim of this study is to evaluate the relationship between Asthma Control Test 
(ACT™), Asthma Therapy Assessment Questionnaire (ATAQ™) and exercise-induced bronchospasm (EIB). 

Methods: We studied 80 asthmatic children. Airways hyperresponsiveness (AHR) was assessed by exercise-induced 
bronchospasm (Baike Protocol). Asthma control was evaluated using two questionnaires in all subjects: ACT 
(composed by Childhood-ACT and ACT) and ATAQ. In addition the use of short acting beta 2 agonist agents 
(SABAs) was assessed for each patient. Non-parametric variables were compared by Chi Square Test. Binomial 
logistic regression was performed to estimate the two questionnaires Qdds Ratio (OR) in finding AHR. 

Results: We have found that ATAQ has a sensitivity and a specificity of 0.72 and 0.45 respectively; instead, ACT has 
a sensitivity and a specificity of 0.5 and 0.39 respectively in evaluating AHR. Patients with uncontrolled asthma 
according to ATAQ revealed a significant higher percentage of AHR compared with ACT (72% vs 50%, p < 0.01). 
Confirming this finding, patients declaring uncontrolled asthma to ATAQ have a significantly higher percentage 
(34%) of frequent SABAs use than the group with uncontrolled asthma to ACT (21%) (p <0.01). 
Binomial logistic regression shows how a test revealing uncontrolled asthma is associated with the increasing odds 
of having AHR according to ATAQ (QR = 3.8, p = 0.05), not to ACT (QR = 0.2, p = 0.1). 

Conclusions: Our results show that ATAQ reflects AHR and asthma control better than ACT. Children with 
uncontrolled asthma according to ATAQ have higher odds of having AHR and use of rescue medications (SABAs) 
compared to patients declaring uncontrolled asthma according to ACT. However both questionnaires are not 
sufficient alone to fully evaluate asthma control in children and it is always necessary to perform functional tests 
and investigate patients lifestyle, drug use and other important data that a simple questionnaire is not able to point 
out 
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Background 

Asthma prevalence increased during the last decade. 
Compared with adults, children had higher rates for 
asthma primary care and Emergency Department visits, 
but similar hospitalization rates, and lower death rates [1]. 

In spite of recent advances in the detection and treat- 
ment of this pathology, asthma remains a cause of sig- 
nificant morbidity and constitutes an economic burden 
for the society. 

Asthma is one of the major causes of emergency visits 
per year [2] and is the third leading cause of preventable 
hospitalization [3]. 

A divergence between perception of asthma control in 
patients and asthma control according to guidelines is 
indubitably present. In a study on several hundred asth- 
matic patients, despite the fact that 90% of patients were 
satisfied with their asthma treatment results, just 50% of 
them had an acceptable asthma control according to 
guidelines [4]. 

Asthma management and, in particular, early detection 
of asthma symptoms remain a crucial objective of cli- 
nical control for this disease. 

Several asthma control questionnaires promising bet- 
ter evaluation of the asthmatic patients have been vali- 
dated but the information regarding their differences is 
at present scarce in the literature on this subject. 

In this study we assessed Asthma Control Test (ACT™), 
a validated auto-administered questionnaire that ascertains 
clinical control in asthmatic patients by few simple ques- 
tions [5,6] and Asthma Therapy Assessment Questionnaire 
(ATAQ™), a short administrable questionnaire developed 
to assist clinicians and health plans to identify children at 
risk for adverse outcomes of asthma [7]. 

In addition all subjects performed an incremental 
treadmill exercise test following a standard Balke proto- 
col [8,9]. Stress tests have been considered in the 
"PRACTALL Consensus" as additional tools to evaluate 
the efficacy of asthma therapy and asthma control [10]. 
The aim of this study was to evaluate the correlations 
between these two questionnaires and a standardized 
stress test. As a second outcome ATAQ and ACT were 
compared in order to highlight the differences between 
them and underline when and why one of these asthma 
control questionnaires should be used. 

Methods 

Subjects 

Eighty children (53 boys and 27 females) were recruited 
from the Allergy, Pulmonology and Immunology Division 
of Pediatric Department, University of Chieti, Italy. All 
patients were previously diagnosed with asthma without 
any other respiratory illness. Study population is shown in 
Table 1 and Table 2. 



Table 1 Characteristics of study population 



Variable 

Sex M/F 53/27 

Age (years, mean ± standard deviation, SD) 9.6 ± 3.3 

Beta 2 agent use +/- 45/35 

AHR (Ball<e protocol) +/- 46/34 

ACr+/- 12/68 

ATAQ +/- 22/58 



Asthma was classified according to Global INitiative 
for Asthma guidelines [11] as intermittent, mild persis- 
tent, moderate persistent, or severe persistent asthma. 
The diagnosis was established by a single pediatric 
respiratory physician according to American Thoracic 
Society European Respiratory Society (ATS/ERS) criteria 
[12] on the basis of a clinical history of repeated epi- 
sodes of coughing, dyspnea, and wheezing. 

Lung function evaluation 

Lung function evaluation was performed by flow/volume 
curves in the standing position with nose-clip until two 
consecutive technically acceptable curves were achieved, 
according to ATS/ERS guidelines [9]. The main spiro- 
metric parameters included forced expiratory volume in 
1 second (FEVi), forced vital capacity (FVC), the ratio 
FEVi/FVC, and forced expiratory flows between 25% 
and 75% of the FVC [10]. All lung function parameters 
were expressed as a percentage of theoretical values for 
age, gender, and height according to Quanjer et al [13]. 

Airways hyperresponsiveness (AHR) assessment 

The subjects performed an incremental treadmill exer- 
cise test following a standard Balke protocol [8,9]; as 
suggested for clinical stress test in children, temperature 
was in the range of 20-24°C with a relative humidity be- 
tween 50% and 60%. All patients reached a heart rate 
higher than 80% of the predicted maximum (calculated 
as 220 less the age in years), according to ATS/ERS rec- 
ommendations for exercise challenge test in children 
[14]. Spirometry was measured at 1, 3, 5, 10, and 20 mi- 
nutes after the exercise. The patients performed two spi- 
rometries every minute; the best of the two performed 
curves was selected as the representative value at each 
interval, but the differences between the two values of 

Table 2 Basal spirometry 

Basal spirometry Mean ± SD 

FEV,% 109 ±11 

FVC% 99 ± 1 2 

FEF75% 111 ±31 

FEF5o% 1 00 ± 1 8 

FEF25% 99 ± 1 2 
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FEVi had to be <5%. A bronchial obstruction response to 
exercise was considered positive when the FEVi reduction 
was greater than 10% from baseline [15]. Exercise re- 
sponse was defined as the greatest fall in FEVi expressed 
as a percentage of the baseline values. 

Asthma control 

Levels of asthma control were evaluated by two ques- 
tionnaires in all subjects: 1) the ACT (the 5 questions 
ACT for children over 12 years old and the 7 questions 
Childhood ACT for the children from 4 to 11 years old) 
and 2) the ATAQ (we used the 7 questions version vali- 
dated for children and teens from 5 to 17 years old). 

Because these are considered auto-administrable ques- 
tionnaire they were filled out by children and parents: 
ACT (>12 years) was completed by children themselves, 
ACT (4-11 years) by children and parents, while ATAQ 
was completed entirely by the parents. 

Questionnaires were filled in before patients performed 
any other procedures; in addition physicians were avai- 
lable to assist the completion of the questionnaires if the 
parents or children had some questions about semantic or 
conceptual understanding. 

Patients with a score under 19 for ACT and above 1 
for ATAQ according to the literature [5,7] (Tables 3,4,5) 
were considered having uncontrolled asthma. 

Beta 2 agonist use 

During the clinical evaluation the physician collected in- 
formation about the use of SABAs and children were 
stratified if they need to use this class of drugs more than 
2 times during the last month (frequent SABAs use). 

Statistical analysis 

The two groups (ATAQ and ACT) have been studied for 
non-parametric variables by Chi Square Test. For each 
questionnaire it was obtained the sensitivity and specificity 
in achieving AHR. Binomial logistic regression was per- 
formed to estimate the two questionnaire Odds Ratio 
(OR) in finding AHR; p < 0.05 was considered significant. 

Table 3 ASTHMA CONTROL TESTfor children over 12 
years of age 

1. In the past 4 weeks, how much of time did your asthma keep 
you from getting as much done at work school or at home? 

2. During the past 4 weeks, how often have you had shortness of 
breath? 

3. During the past 4 weeks, how often did your asthma symptoms 
(wheezing, coughing, shortness of breath, chest tightness or pain) 
wake you up at night or earlier than usual in the morning? 

4. During the past 4 weeks, how often have you used your rescue 
inhaler or nebulizer medication (such as albuterol)? 

5. How would you rate your asthma control during the past 
4 weeks? 



Table 4 ASTHMA COI^TROL TEST (children from 4 to 11 
years of age) 

1. How is your asthma today? 

2. How much a problem is your asthma when you run, exercise 
or play sports? 

3. Do you cough because of your asthma? 

4. Do you wake up during the night because of your asthma? 

5. During the last 4 weeks, how many days did your child have any 
daytime asthma symptoms? 

5. During the last 4 weeks, how many days did your child wheeze 
during the day because of asthma? 

7. During the last 4 weeks, how many days did your child wake up 
during the night because of asthma? 



SPSS (version 17.0 SPSS, Inc, Chicago, III) was used for 
data analysis. 

Ethical committee and informed consent 

The study was approved by the ethical committee of the 
University of Chieti. Written informed consent was 
obtained by all parents and the study was performed in 
accordance with Helsinki Declaration (1964). 

Results 

Exercise AHR was present in 60% of patients. While 
with ACT 85% of patients declared a good and 15% a 
bad asthma control, with ATAQ the well-controlled pa- 
tients were reduced to 72.5% and the uncontrolled ones 
increased to 27.5%. 

Patients with a score showing controlled asthma 
presented AHR in 55% and 61% respectively for ATAQ 
and ACT; patients with a score showing uncontrolled 
asthma presented AHR in 72% and 50% respectively for 
ATAQ and ACT (Table 6). 

Considering the international accepted cut off for 
ATAQ and ACT, we have found that ATAQ has a sensi- 
tivity and a specificity of 0.72 and 0.45 respectively. 

Table 5 ATAQ questionnaire (for children & teens, from 5 
to 1 7 years old) 

In the past 4 weeks, did your child: 

1. Have wheezing or difficulty breathing when exercising? 

2. Have wheezing during the day when not exercising? 

3. Wake up at night with wheezing or difficult breathing? 

4. Miss days of school because of his/her asthma? 

5. Miss any daily activities (such as playing, going to a friend's house, 
or any family activity) because of asthma? 

6. Does your child use an inhaler or a nebulizer for quick relief from 
asthma symptoms? (multiple choice question) 

7. Do you believe that your child's asthma was well controlled in the 
past 4 weeks? 
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Table 6 Percentage of positive and negative exercise 
induced AHR tests in patients with controlled and 
uncontrolled asthma according to ATAQ and ACT 


Questionnaire 


AHR positive (%) 


AHR negative (%) 


Uncontrolled asthma (ACT) 


50 


50 


Uncontrolled asthma (ATAQ) 


72 


28 


Controlled asthma (ACT) 


61 


49 


Controlled asthma (ATAQ) 


55 


45 



instead ACT has a sensitivity and a specificity of 0.5 and 
0.39 respectively in evaluating AHR. 

Binomial logistic regression confirmed how a test re- 
vealing uncontrolled asthma is associated with the odds 
of having AHR for the ATAQ (OR = 3.8, p = 0.05), not 
for the ACT (OR = 0.2, p = 0.1). 

In fact patients with a score showing uncontrolled 
asthma according to ATAQ had a significantly higher 
percentage of AHR compared to patients with uncon- 
trolled asthma according to ACT (72% vs 50%, p < 0.01). 

Furthermore, we found that patients having uncon- 
trolled asthma to ATAQ had a significantly higher per- 
centage (34%) of frequent SABAs use than the group with 
uncontrolled asthma according to ACT (21%) (p < 0.01). 

Discussion 

Despite the improvement in asthma knowledge and 
therapies, asthma control remains a difficult objective to 
achieve. Increasingly recognized is the importance of 
tools developed to help physicians and patients measu- 
ring asthma symptoms especially in children [16]. 

Many questionnaires have been developed to evaluate 
asthma patients, but additional studies in different popu- 
lations are still required to assess their validity and clin- 
ical utility in comparison with objective tests. 

ACT is an auto-administrable, easy-to-use validated 
questionnaire, composed of a few simple questions. 
These features render it very useful in screening and 
evaluating patients at home. ACT score is related to the 
specialists evaluation, and studies published in literature 
have shown that an improvement in FEVi in two diffe- 
rent visits is reflected by/correlates with an improve- 
ment in ACT score [17,18]. 

On the contrary, some studies have demonstrated 
that the ACT could overestimate asthma control and 
does not have a direct and strong correlation with lung 
function [19]. 

ATAQ consists of a form validated for all patients under 
the age of 18. A large study has shown that ATAQ could 
be useful in identifying children needing more intensive 
asthma management. Patients with the worst asthma con- 
trol using the pediatric ATAQ questionnaire had signifi- 
cantly higher rates of asthma-related hospitalizations. 



emergency room or emergency care and doctor visits/ 
medical appointments than those with good control [20]. 

ATAQ showed to correspond well with asthma con- 
trol, with measures of physical health, psychosocial 
health, resources use, and family impact. It seems to 
help healthcare with asthma management plans, in fact 
it was shown to be significantly and positively associated 
with symptoms and parental satisfaction [7]. 

Few studies have been published about the relation- 
ships between ACT or ATAQ and AHR. In particular, 
no studies have been carried out to study the same 
population with both questionnaires and comparing the 
two questionnaires with a validated stress test [21,22]. 
This is an important feature to investigate due to the 
fact that stress tests have been shown to be useful in 
evaluating asthma control and the efficacy of asthma 
therapy as indicated in the PRACTALL consensus [10]. 

The lack of concordance between ACT results and 
AHR is in agreement with the literature [21,22], whereas 
there was no information or studies published about 
ATAQ. 

We have found that children with uncontrolled asthma 
to ATAQ have a significantly higher probability of having 
AHR compared with patients having uncontrolled asthma 
with ACT. 

In fact, patients with uncontrolled asthma to ATAQ 
presented a significantly higher percentage of positive 
stress tests than ACT; this finding suggests that a patient 
with uncontrolled asthma according to ATAQ is more 
likely to experience airways hyper- reactivity compared 
to ACT. 

After evaluating ATAQ and ACT in patients with un- 
controlled asthma and comparing these patient sub- 
groups, we noted that patients with a score showing 
uncontrolled asthma according to ATAQ questionnaire 
had a significantly higher rate in beta 2 agonist agents 
use than patients with uncontrolled asthma according to 
ACT. This finding confirms how patients with a score 
showing uncontrolled asthma according to ATAQ more 
likely have AHR, but they also present higher use of 
rescue medication, emphasizing that there is a better 
correlation between ATAQ, asthma control and AHR 
compared to ACT. Instead, in both questionnaires, a 
score showing good asthma control provides no infor- 
mation regarding airways hyperreactivity. 

Additional studies on asthma control and AHR are 
necessary to investigate perception of symptoms by the 
patients during exercise and the degree of airways 
hyperreactivity. 

The inability of a simple questionnaire to reveal AHR 
could be explained because children experiencing mild 
asthma symptoms may consider these normal, and in this 
case they wUl not report any problem filling out the ques- 
tionnaire. This consideration is confirmed in literature, in 
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fact Panditi et al. found no correlation between asthma 
perception declared by children and exercise induced 
bronchospasm during exercise [23] . 

As a second explanation, asthmatic patients tend to 
change their lifestyle avoiding exercise, a possible trigger 
of bronchospasm and symptoms related to AHR; so they 
could not experiment asthma symptoms because they 
do not reach a significant exercise threshold. 

Despite both ACT and ATAQ lack specificity in 
detecting AHR, in our study children with uncontrolled 
asthma to ATAQ have higher percentage of AHR com- 
pared to those with uncontrolled asthma to ACT. 

ATAQ has a simple score system: all questions offer 
answer options as "yes, no, unsure" (Table 5) whereas 
the ACT has a score system ranging from 1 to 5 for each 
question, and the childhood ACT version is enriched 
with an iconography to help children in answering the 
questions. 

ATAQ results easier to administer and more suitable 
as auto-administrable questionnaire, improving the 
power to detect AHR and asthma symptoms in children. 

Moreover ATAQ has two questions investigating exer- 
cise induced symptoms, whereas ACT has no question 
in the version for children over 12 years old and only 
one question in the C-ACT for children under 12 years 
old (Tables 3 and 4); suggesting that the structure of the 
questionnaire should be reorganized to improve its spe- 
cificity regarding a particular asthma feature. However, 
another study has shown that ACT does not improve its 
specificity in achieving airway hyperresponsiveness even 
adding in the questionnaire a sixth question specifically 
aimed at detecting exercise-induced asthma confirming 
that this questionnaire is not able to determine whether 
a child has AHR or not [21]. 

Whichever the questionnaire structure will be, it is im- 
portant to obtain a good result in terms of acceptable 
asthma control. Another important consideration is that 
it is very difficult to understand how much children (and 
parents) are reliable in reporting symptoms or drug use. 
This is an important feature that has to be investigated 
besides improving questionnaires efficacy to evaluate 
asthma control. 

Conclusions 

Our results demonstrate that ATAQ is more suitable 
than ACT to testify AHR and asthma control. Children 
with uncontrolled asthma according to ATAQ have 
higher probability of AHR and of a greater use of rescue 
medications (SABAs) than patients with uncontrolled 
asthma according to ACT. Both questionnaires alone are 
not sufficient to fully evaluate asthma control in chil- 
dren, so as functional tests, data on patients lifestyle and 
drug use, and other important information are always to 
be achieved in order to obtain a reliable evaluation. 



Abbreviations 

AHR: Airway hyperresponsiveness; ACT: Asthma control test; ATAQ: Asthma 
therapy assessment questionnaire; SABAs: Short acting beta 2 agonist agents. 

Competing interest 

All the authors report no conflicts of interest 
Author details 

^Allergy and Respiratory Unit, Department of Pediatrics, G. DAnnunzio 
University of Chieti, Via Dei Vestini 5, Chieti 66013, Italy. ^Department of 
Pediatrics, G. DAnnunzio University of Chieti, Via Dei Vestini 5, Chieti 66013, 
Italy. 

Received: 17 February 2013 Accepted: 17 June 2013 
Published: 23 July 2013 

References 

1. Akinbami LJ, Moorman JE, Bailey C, Zahran HS, King M, Johnson CA, Liu X: 
Trends in asthma prevalence, health care use, and mortality in the 
United States, 2001-2010. NCHS Data Srief 2012, 94:1-8. 

2. Mannino DM, Homa DM, Pertowski CA, Ashizawa A, Nixon LL, Johnson CA, 
Ball LB, Jack E, Kang DS: Surveillance for asthma-United States, 
1960-1995. MMWR CDC Surveill Summ 1998, 47(l):l-27. 

3. Pappas G, Hadden WC, Kozak LJ, Eisher GF: Potentially avoidable 
hospitalizations: inequalities in rates between US socioeconomic groups. 
Am J Public Health 1 997, 87(5):81 1 -81 6. 

4. Kuehni CE, Frey U: Age-related differences in perceived asthma control in 
childhood: guidelines and reality. Eur Respir J 2002, 20(4):880-889 

5. Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, Murray JJ, 
Pendergraft TB: Development of the asthma control test: a survey for 
assessing asthma control. J Allergy Clin Immunol 2004, 1 13(l):59-65. 

6. Liu AH, Zeiger R, Sorkness C, Mahr T, Ostrom N, Burgess S, Rosenzweig JC, 
Manjunath R: Development and cross-sectional validation of the childhood 
asthma control test. J Allergy Clin Immunol 2007, 1 1 9(4):81 7-825. 

7. Skinner EA, Diette GB, Algatt-Bergstrom PJ, Nguyen TT, Clark RD, 
Markson LE, Wu AW: The Asthma Therapy Assessment Questionnaire 
(ATAQ) for children and adolescents. Dis Manag 2004 7(4):305-313. 

8. Wolthuis RA, Froelicher VP Jr, Fischer J, Noguera I, Davis G, Stewart AJ, 
Triebwasser JH: New practical treadmill protocol for clinical use. 
Am J Cardiol 1977, 39(5):697-700. 

9. Myers J, Froelicher VF: Exercise testing. Procedures and implementation. 
Cardiol ain 1993, 1 1(2):199-213. 

10. European Pediatric Asthma Group, Bacharier LB, Boner A, Carlsen KM, 
Eigenmann PA, FrischerT, Gdtz M, Helms PJ, Hunt J, Uu A, Papadopoulos N, 
Platts-Mills T, Pohunek P, Simons EE, Valovirta E, Wahn U, Wildhaber J: 
Diagnosis and treatment of asthma in childhood: a PRACTALL consensus 
report. Allergy 2008, 63(l):5-34. 

1 1 . Bousquet J, Clark TJ, Hurd S, Khaltaev N, Lenfant C, O'byrne P, Sheffer A: 
GINA guidelines on asthma and beyond. Allergy 2007, 62(2):102-1 12. 

12. National Asthma Education and Prevention Program: Expert panel report: 
guidelines for the diagnosis and management of asthma update on 
selected topics-2002. J /ifegy O/n Immunol 2002, 110(5 Suppl):S141-S219. 

1 3. Quanjer PH, Borsboom GJ, Brunekreef B, Zach M, Forche G, Cotes JE, Sanchis J, 
Paoletti P: Spirometric reference values for white European children and 
adolescents: Polgar revisited. Pedlatr Pulmonol 1995, 19(2):1 35-142. 

14. Crapo RO, Casaburi R, Coates AL, Enright PL, Hankinson JL, In/in CG, 
Maclntyre NR, McKay RT, Wanger JS, Anderson SD, Cockcroft DW, Fish JE, 
Sterk PJ: Guidelines for methacholine and exercise challenge 
testing-1999. This official statement of the American Thoracic Society 
was adopted by the ATS Board of Directors, July 1999. Am J Respir Crit 
Care Med 2000, 161(l):309-329 

15. Godfrey S, Springer C, Bar-Yishay E, Avital A: Cut-off points defining normal 
and asthmatic bronchial reactivity to exercise and inhalation challenges 
in children and young adults. Eur Respir J 1999, 14(3):659-668. 

16. Schatz M, Mosen DM, Kosinski M, Vollmer WM, Magid DJ, O'Connor E, 
Zeiger RS: The relationship between asthma-specific quality of life and 
asthma control. J Asthma 2007, 44(5)391-395. 

17. Prabhakaran L, Earnest A, Abisheganaden J, Chee J: Was it easy to use an 
Asthma Control Test (ACT) in different clinical practice settings in a 
tertiary hospital in Singapore? Ann Acad Med Singapore 2009, 

38(1 2):1 064-1 069. 



Rapino ef al. Multidisciplinary Respiratory Medicine 2013, 8:48 
http://www.mrmjournal.eom/content/8/1/48 



Page 6 of 6 



18. Schatz M, Sorkness CA, Li JT, Marcus P, Murray JJ, Nathan RA, Kosinski M, 
Pendergraft TB, Jhingran P: Asthma control test: reliability, validity, and 
responsiveness in patients not previously followed by asthma specialists. 
J Allergy Clin Immunol 2006, 1 1 7(3):549-556. 

19. Yu HR, Niu CK, Kuo HC, Tsui KY, Wu CC, Ko CH, Sheen JM, Huang EY 
Yang KD: Comparison of the global initiative for asthma guideline-based 
asthma control measure and the childhood asthma control test in 
evaluating asthma control in children. Pediatr Neonatol 2010, 
51(5):273-278. 

20 Diette GB, Sajjan SG, Skinner EA, Weiss TW, Wu AW, Markson LE: Using the 
pediatric asthma therapy assessment questionnaire to measure asthma 
control and healthcare utilization in children. Patient 2009, 2(4):233-241. 

21. Rapino D, Consilvio NP, Scaparrotta A, Cingolani A, Attanasi M, Di Pillo S, 
Verini M, Chiarelli F: Relationship between exercise-induced 
bronchospasm (EIB) and asthma control test (ACT) in asthmatic children. 
J Asthma 201 1, 48(10):1081-1084. 

22. Chinellato 1, Piazza M, Sandri M, Cardinale F, Peroni DG, Boner AL, 
Piacentini GL: Evaluation of association between exercise-induced 
bronchoconstriction and childhood asthma control test questionnaire 
scores in children. Pediatr Pulmonol 201 2, 47(3):226-232. 

23. Panditi S, Silverman M: Perception of exercise induced asthma by 
children and their parents. Arch Dis Child 2003, 88(9):807-81 1. 



doi:l 0.1 1 86/2049-6958-8-48 

Cite this article as: Rapino ef al: Evaluation of association between 
airway hyperresponsiveness, asthma control test, and asthma therapy 
assessment questionnaire in asthmatic children. Multidisciplinary 
Respiratory Medicine 2013 8:48. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at \ rant,,\ 

www.biomedcentral.com/submit Biomea eencrai 



